This is an Open Access article licensed under the terms of the Creative Commons AttributionNonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to the online version of the article only. Distribution permitted for non-commercial purposes only. Abstract Background: BAG-1 (bcl-2 associated athanogene) is a multifunctional protein that protects cells from a wide range of apoptotic stimuli including radiation, hypoxia and chemotherapeutic agents. Overexpression of cytoplasmic BAG-1 has been associated with the increased survival and decreased response to treatment with tamoxifen (TAM) in breast cancer. We attempted to assess the expression of BAG-1 in the human breast cancer cells that are resistant to treatment with 4-OH TAM and effect of altered BAG-1 expression on their sensitivity to 4-OH TAM. Methods: BAG-1 expression was examined in the MCF-7 cells that became resistant to 4-OH TAM. The 4-OH TAM-resistant MCF-7 cells were then transfected with the BAG-1 siRNA and the 4-OH TAM-sensitive MCF-7 cells with the plasmids carrying the human BAG-1 isoformspecific expression constructs respectively to investigate the effect of BAG-1 on the TAMinduced apoptosis. Results: Our results showed that the TAM-resistant MCF-7 (TAMR/MCF-7) cells expressed higher level of BAG-1 than that of the MCF-7 cells. Down-regulation of BAG-1 significantly enhanced the sensitivity of the TAMR/MCF-7 cells to TAM treatment. Additionally, we found that BAG-1 p50 was the only isoform that inhibited the TAM-induced apoptosis in the MCF-7 cells, while the other isoforms had little effect. Conclusion: Our study indicated that up and down regulations of the BAG-1 expression were associated with the decreased and increased sensitivity to 4-OH TAM in the estrogen receptor-positive (ER+) human breast cancer cell line MCF-7 respectively, and distinct isoforms of BAG-1 had different anti-apoptotic ability in breast cancer cells treated with the 4-OH TAM.
Introduction
Tamoxifen (TAM) is frequently used for the treatment of both early and advanced estrogen-and/or progesterone-receptor (ER and/or PR) positive breast cancer [1] . Resistance to TAM occurs in 30 to 50% cases of the ER+ breast cancer [2] . Approximately 30% of ER-positive breast cancers do not respond to TAM treatment (de novo resistance), while majority of tumors eventually develop resistance over time despite the initial response (acquired resistance) [3] . Several hypotheses have been put forward to explain the development of TAM resistance, including the changes in the expression of ER, alterations in co-regulatory proteins, interference from other growth factor pathways and excess estrogen synthesis by breast, ovary or peripheral adipose tissues [4] .
BAG-1 (bcl-2 associated athanogene) is a multifunctional protein that interacts with a number of molecules to regulate the diverse biological processes including apoptosis, proliferation, signal transduction and transcription [5] . We and others have observed the frequent expression of BAG-1 in a variety of tumor cell lines and cancer tissues [6] [7] [8] [9] [10] [11] [12] and the increased expression of BAG-1 in breast cancer compared to that of the normal breast tissues [8, [13] [14] [15] [16] [17] [18] . In breast cancer cell lines, BAG-1 prevented cells from undergoing apoptosis induced by radiation, chemotherapy and stress [13, 19] . We have noted the correlation of BAG-1 expression with other prognostic markers in breast cancer such as Bcl-2, p53, differentiation, ER and PR in invasive breast cancer [13] . Finally, Cutress et al. have demonstrated that BAG-1 enhanced the transcriptional activity of both ERα and ERβ by four folds in breast cancer cell line MCF-7 [20] .
Given the significance of endocrine therapy in breast cancer and the possible impact of BAG-1 on ER function and responsiveness to TAM, BAG-1 may serve as a valuable predictive biomarker for responsiveness or resistance to anti-hormone therapy in order to improve the selection of breast cancers for optimal endocrine therapy. Consequently, we assessed the association between the expression of BAG-1 and the sensitivity to 4-OH TAM in the human breast cancer cells, and further investigated the effect of BAG-1 on the TAM-induced apoptosis by altering the expression of BAG-1 in the MCF-7 cells. In addition, we evaluated the role of individual BAG-1 isoform in modulating the TAM-induced apoptosis through transfecting the MCF-7 cells with the plasmids carrying the human BAG-1 isoform-specific expression constructs.
Materials and Methods
Cell culture MCF-7 breast cancer cells were routinely cultured in the RPMI medium containing 10% fetal bovine serum (FBS), 100units/ml penicillin and 100μg/ml streptomycin. The TAM-resistant MCF-7cells (TAMR/ MCF-7) were established using the methodology reported before [21] . Briefly, the MCF-7 cell monolayers were washed thoroughly with the phosphate buffered saline (PBS), and transferred to phenol red-free RPMI medium containing 10% charcoal-stripped, steroid-depleted FBS, antibiotics and 4-hydroxytamoxifen (4-OH TAM, 10 -7 M in ethanol). The culture media was replaced every the other day and medium was maintained in a humidified atmosphere with 5% CO 2 in air at 37˚C. The cell cultures were passaged with 0.05% trypsin when 70% confluency was reached. Cells were continuously exposed to the treatment regimen for 6 months.
MTT cell viability assay
To determine the cell viability, the cells were plated at a density of 10 4 cells/well in 96-well plates. MCF-7 and TAMR/MCF-7 cells were incubated in the medium containing 10% charcoal-stripped steroid-depleted FBS with or without of 4-hydroxytamoxifen (0-1000nM) for 48 hours. After treatment, the medium was replaced with 200μl RPMI containing 0.5mg/ml MTT and the plates were incubated for 4 hours at 37˚C. The cell medium was then removed and the formazan crystals were dissolved by 200μl dimethylsulfoxde/well. The absorbance was measured on a spectrophotometer microplate reader at 540nm. The cell viability was assigned as the relative ratios to the untreated control cell. 
Growth assay
Cell samples were grown for 8 days in the medium containing 4-OH TAM (100nM). Cells were dispersed by trypsin treatment, and the cell number was then measured using a Coulter counter. All experiments were performed at least three times.
RNA extraction and RT-PCR
Total RNA was extracted from cells using the Trizol reagent (Invitrogen, CA, USA) following manufacturer's instructions, and quantified using the UV spectrophotometer (Beckman Coulter, CA, USA). Total RNA was reverse transcribed into single stranded cDNAs using the PrimeScript RT reagent kit (Takara, Japan) using the manufacturer's protocol. 0.5μg of cDNAs was used for subsequent 20μl PCR amplification. The PCR was performed using the BAG-1 specific primers (forward 5'-GTTCTTTGGATGGAGCCTGTG-3' reverse 5'-TGCCTGCTTTACTCATTCTGGTG-3') and β-actin specific primers as a positive control. The PCR conditions were as follows: 95˚C for 10 min, 94˚C for 45 sec, the appropriate annealing temperature for 45 sec, 72˚C for 1 min and a final extension of 72˚C for 5min. PCR products were resolved on 1% agarose gels and stained with ethidium bromide. For real-time PCR, a Bio-Rad iQ TM SYBRR Green Supermix and a myiQ TM machine were used. The cycling conditions were 50˚C for 2 min, 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 30 sec. Each sample was run in triplicate for each gene. The quantities of amplified genes were analyzed by comparison of 2 -ΔΔCT ×100% [22] . All gene primers were obtained from the Sangon Biotech Co., Ltd. (Shanghai, China).
Western blot analysis
Cultured cells were washed with the ice-cold PBS, and then lysed with the lysis buffer supplemented with 1× protease inhibitor mix. The mixture was centrifuged for 30 min at a speed of 12,000g and the supernatant fraction was then collected and stored at -80˚C. The total protein concentration for each sample was quantified by a Bio-Rad kit (Bio-Rad, CA, USA). Equal amounts of proteins from each extract were boiled with Laemmli's sample buffer containing 5% β-mercaptoethanol for denaturation. The sample proteins were separated by SDS-PAGE and blotted onto a polyvinyl difluoride (PVDF) membrane. The PVDF membrane was blocked with 5% defat milk power in TBST for 2 hours at room temperature. Then the membrane was incubated with the primary antibody at 4˚C overnight and with secondary antibody at room temperature for 2 hours. ECL reagents were used to visualize the positive bands which were detected by ChemiDoc MP (Bio-Rad, CA, USA).
Transfection
Construction of plasmids containing the BAG-1 p50, p46, p33 was described previously [23, 24] , and all recombinant plasmids were confirmed by DNA sequencing. DNA transfection was performed using the Lipofactamine TM 2000 reagent (Invitrogen) according to the manufacturer's protocol. Briefly, 2×10 5 cells / well were seeded into 24-well plates and incubated in medium without antibiotics overnight. Next day, 0.8ug of DNA was mixed with lipofetamine 2000, and the mixture was added to each well containing cells. Stable transfectants were selected by G418 (Gibco) and maintained as cell lines for drug treatment, apoptotic assay, RT-PCR and western blot analysis. The cells were then incubated at 37˚C in a CO 2 incubator for 24 hours. For BAG-1 knockdown, a validated BAG-1 siRNA and a scrambled siRNA as a negative control were used. The BAG-1 siRNA (product NO. siB08715170439 ) was designed and synthetized by Guangzhou RiboBio Co., Ltd. Briefly, 2×10 5 cells /well in 24-well plates were transfected at a final concentration of 50nM of BAG-1 siRNA or control siRNA using lipofetamine 2000 (Invitrogen). After incubation, cells were prepared for subsequent assays.
Cell apoptosis analysis
Treated cells were stained using the Annexin V-FITC Apoptosis Analysis Kit (BD Bioscience, CA, USA) and subjected to flow cytometry (BD Bioscience, CA, USA) to isolate the Annexin V-FITC stained apoptotic cells. Data were analyzed with the WIMDI 2.8 software. The percentage of cells that underwent TAMmediated apoptosis was determined by subtracting the percentage of apoptotic cells in the untreated population from that in the TAM-treated population Cellular Physiology and Biochemistry
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Results
Increased expression of BAG-1 in the TAM-resistant breast cancer cells
The acquisition of resistance to TAM in the TAMR/MCF-7 cells was confirmed by comparing the growth curves of the TAMR/MCF-7 and MCF-7 cells cultured in the presence of 4-OH TAM (Fig. 1A) . The expression levels of BAG-1 in both TAMR/MCF-7 and control MCF-7 cells were determined by RT-PCR (Fig. 1B) and western blot analysis (Fig. 1C) . As shown in Fig. 1D , the real-time PCR results were consistent with that of the RT-PCR and western blot, with almost two-fold increase in BAG-1 expression in the TAMR/MCF-7 cells compared to that of the MCF-7 cells.
Knockdown of BAG-1 by siRNA increased TAM-induced apoptosis in the TAMR/MCF-7 cells
Total cellular RNA and protein were extracted to verify changes in BAG-1 expression in the siRNA transfected Tamoxifen resistant cells using the real-time PCR and western blot. BAG-1 mRNA and protein expression were dramatically decreased in the TAMR/MCF-7 cells transfected with the BAG-1 siRNA compared with that of the siRNA-transfected negative control cells (Fig. 2A, Fig. 2B ). As illustrated in Fig. 3A TAMR/MCF-7 cells transfected with the BAG-1 siRNA showed enhanced sensitivity to tamoxifen at the concentration of 100nM (47.70% vs. 97.89 %, p<0.05) and 1000nM (38.57% vs. 98.00 %, p<0.05) compared with the control. Additionally, we used Annexin-V FITC flow cytometry to detect the apoptotic cells after the treatment with 4-OH TAM for 48 hours. We consistently observed significantly increased apoptosis induced by the 4-OH TAM in the TAMR/MCF-7 cells transfected with the BAG-1 siRNA (16.1 ± 1.2% vs. 0.8 ± 0.3%, p<0.05, Fig. 3B ) compared to that of the control cells. 
Overexpression of BAG-1 inhibited TAM-induced apoptosis in the MCF-7 cells
As shown in igure 4A, MCF-7 cells transfected with each of the isoform-specific F constructs expressed expected protein products. The mRNA levels of the specific BAG-1 isoforms were dramatically enhanced in the MCF-7 cells after transfection when compared with neo-transfected control cells (Fig. 4B) .
Our results revealed that the MCF-7 cells transfected with the BAG-1 p50 exhibited significant resistance to apoptosis induced by 4-OH TAM at the concentrations of 100nM (6.36 % vs. 12.57%, p < 0.05) and 1000nM (8.77% vs.16.77%, p < 0.05). However, the cells transfected with the BAG-1 p46 and p33 showed no significant change in apoptosis in 
Discussion
Overexpression of BAG-1 has been found in many tumor cell lines, tumor tissues and drug resistant cancer cells [9, 11, 25] and correlated with the expression of other prognostic markers such as ER, PR, Bcl-2 and p53 [9, 11, 25] . We first noted the prognostic value of BAG-1 expression in invasive breast cancer and the association of the nuclear BAG-1 expression with the decreased survival [17] . Consistently, cytoplasmic BAG-1 expression was later found to be associated with the increased survival in breast cancer [17] and lung cancer [11] . The prognostic value of BAG-1 was further tested in the study by Paik et al [26] . BAG-1 had been included as one of the 16 genes in the Oncotype DX test, now widely used in the prognosis of node-and ER/PR + early breast cancer in USA. Cutress et al reported a strong relationship between the increased BAG-1 expression and improved outcome in breast cancer patients treated with TAM [20] . This finding was later confirmed by another study which demonstrated that the high level of BAG-1 expression may indicate enhanced sensitivity to TAM in the ER+ invasive ductal carcinoma [27] . Taken together, these reports suggest that BAG-1 may serve as a favorable predictive biomarker for the responsiveness to hormonal therapy such as TAM. Overexpression of BAG-1 should therefore sensitize the breast cancer cells to 4-OH TAM. In the present study we compared the expression of BAG-1 in the TAM-resistant cells TAMR/MCF-7 and the TAM-sensitive breast cancer cells MCF-7. To our surprise, our study showed that both BAG-1 mRNA and protein expression levels were significantly enhanced in the TAMR/MCF-7 cells. To confirm our observation that BAG-1 overexpression may lead to decreased sensitivity to treatment with TAM, we further used the siRNA to downregulate the expression of BAG-1 in the TAM-resistant cells TAMR/MCF-7, and found an increased sensitivity to TAM treatment in the siRNA-transfected cells compared to that of the Neo-transfected control. To further explore if the opposite was true and to investigate the specific function of individual BAG-1 isoforms, we transfected the recombinant plasmids carrying the isoform-specific expression constructs into the TAMsensitive breast cancer cell line, MCF-7. As expected, transfection of BAG-1 led to increased resistance to treatment with TAM. In addition, different BAG-1 isoforms have distinct antiapoptotic function in the MCF-7 cells. Only BAG-1 p50 was able to inhibit the TAM-induced apoptosis in the MCF-7 cells transfected with each of the BAG-1 isoforms respectively. Our finding provided the first laboratory evidence of the negative predictive value of BAG-1 in the responsiveness to treatment with TAM in breast cancer. Our data is consistent with several other studies demonstrating the association of the BAG-1 overexpression and resistance to therapy. Overexpression of BAG-1 has been reported to inhibit the activation of caspases and apoptosis induced by chemotherapeutic agents, radiation and growth factor withdrawal [28, 29] . Townsend et al reported that BAG-1S protected the cells from the long-term growthinhibitory effects of a range of cellular stresses including cytotoxic drugs, radiation, and hypoxia. We have previously used BAG-1 siRNA to downregulate the expression of BAG-1 in the human lung adenocarcinoma cell line A549, and found a significantly enhanced sensitivity to cisplatin-induced apoptosis in the BAG-1 siRAN transfected cells [30] . Similar observations were made in the MCF-7 breast cancer cells transfected with the BAG-1 siRNA and treated with doxorubin, docetaxel and 5-FU [24, 31] and in the human cervical cancer cell lines treated with cisplatin staurosporine, paclitaxel and doxorubicine [23] . Our paradoxical finding of BAG-1 being a positive prognostic yet negative predictive biomarker in breast cancer is important clinically. A parallel yet opposite analogy can be made with the expression of HER-2, which has been associated with the adverse prognosis for survival yet favorable response to anti-HER-2-based targeted therapy in invasive breast cancer. The positive prognostic value of BAG-1 may be explained by its association with the expression of other positive prognostic markers in breast cancer such as ER, PR and Bcl-2. In addition, overexpression of cytoplamic BAG-1 has been associated with the increased survival in breast cancer. BAG-1 p33 is cytoplamic proteins due to its lack of the nuclear localization signals. Townsend et al found a significant positive correlation between the ER status and the expression of cytoplasmic BAG-1 [18] . Cytoplamic BAG-1s are likely to interact with the Bcl-2 which is also a positive prognostic biomarker for breast cancer. Interaction of cytoplasmic BAG-1s with other cytoplamic proteins such as tyrosine kinase HGF/PDGF receptors on outer cell membranes, Bcl-2 on inner cell membranes, cytosolic Hsps and Raf-1 [32] may also has positive impact on the survival of breast cancer. BAG-1 p50 and 46 on the other hand are nuclear proteins due to presence of the nuclear localization signals. Nuclear BAG-1 has been reported to interact with the other hormone-response proteins such as ER and PR. Binding of BAG-1 may affect the function of ER/PR and reduce their binding to TAM. In addition, BAG-1 is known to bind DNA directly to function as a transcription or co-transcription factor [7] to regulate the transcription of genes that may affect the response by ER/PR to TAM treatment. Finally, BAG-1 is known to function as a chaperon that targets its binding proteins to degradation by proteasome. Increased BAG-1 expression may lead to decreased ER/PR protein expression leading to decreased sensitivity to TAM treatment. The negative impact of nuclear BAG-1 on the response to hormonal and chemotherapy will ultimately reduce the survival of breast cancer patients. Indeed, we have previously reported the negative impact of nuclear BAG-1 on the survival of breast cancer [8] .
BAG-1 isoforms interact with several nuclear hormonal receptors (NHR) and regulate their activity. Froesch et al found BAG-1L, but not BAG-1M or BAG-1S, increased the androgen receptor function [33] . Similarly, BAG-1M and BAG-1L, but not BAG-1S repressed the glucocorticoid receptor activity [34] . Our study showed increased BAG-1 expression in the breast cancer cells that were resistant to TAM. Unfortunately, we did not have the isoform-specific antibodies to detect which BAG-1 isoform was overexpressed in these cells. We also demonstrated by siRNA transfection that reduced BAG-1 expression led to increased apoptosis induced by TAM treatment in the TAMR/MCF-7 cells. Consistently, overexpression of BAG-1 resulted a decreased sensitivity to TAM treatment. More importantly, we were able to further evaluate the role of individual BAG-1 isoform in inhibiting the TAM-induced apoptosis by transfecting the MCF-7 cells with the plasmids carrying the BAG-1 isoformspecific expression constructs. We found that only the BAG-1 p50 isoform increased the viability of the MCF-7 cells in the presence of 4-OH TAM, while p46 and p33 had little effect. Our finding was consistent with a previous study showing that BAG-1L, but not the other BAG-1 isoforms, interacted with the ERα and stimulated the estrogen-dependent transcription [20] . In cervical cancer cells, BAG-1 p50, p46 and p33 enhanced the resistance to apoptosis induced by a wide range of reagents including cisplatin, staurosporine, paclitaxel and doxorubicine. BAG-1 p46 isoform resulted the most profound inhibition in apoptosis [23] . In addition, BAG-1 isoforms also had distinct function in modulation the chemotherapeuticinduced apoptosis in breast cancer cells [24] . The different anti-apoptotic function of BAG-1 isoforms may result from the unique N-tuminus of the BAG-1 p50, which was important in its nuclear localization and binding to hormone receptors, transcription factors and certain DNA promoters [33] [34] [35] . Finally, the prognostic value of BAG-1 expression in breast cancer was recently confirmed in a prospective cohort from the TansATAC study [36] . Women with higher BAG-1 expression developed 30 % fewer distant recurrences compared to those with low expression. Nuclear BAG-1 expression added more prognostic value in node-positive cases. Our observation indicate that future research on the prognostic and predictive values of BAG-1 expression should be directed to the individual BAG-1 isoform to separate the impact of each BAG-1 on the prognosis and prediction for response to therapy. Furthermore, our finding has significant clinical implication in developing BAG-1-targeted therapy. Since BAG-1 p50 is the only BAG-1 isoforms that is involved in the resistance to treatment with TAM, future efforts should be made to block its production or function.
In summary, we found unexpected overexpression of BAG-1 in the TAM-resistant TAMR/ MCF-7 compared with that of the TAM-sensitive MCF-7 breast cancer cells. Knockdown of the BAG-1 expression significantly enhanced the sensitivity to treatment with TAM in the TAMR/MCF-7 cells transfected with the BAG-1 siRNA. Consistently, overexpression of BAG-1 resulted an increased resistance to TAM treatment. More importantly, BAG-1 p50 was the only isoform that inhibited the MCF-7 cells from apoptosis induced by TAM. Our finding has significant prognostic, predictive and therapeutic implications in developing future targeted therapy against BAG-1, especially the BAG-1 p50.
